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his  paper  discusses  examples  of  the  use  of  the  double-exposure  method 
tc-  inspect  carbon/epoxy  skin  and  aluminum  honeycomb  core  paraboidal 
components 

1.  TESTING  EQUIPMENT  AND  METHODS 

1,3  Lithographic  Plate  Samples  with  Artificial  Defects 


( 


Th .  material  end  construction  of  the  lithographic  plate  samples  with 
artificial  defects  were  the  same  as  for  the  bona  fide  product.  The  skin 
thickness  was  0.5  mm,  and  eight  defects,  arranged  in  two  rows,  were  present  on 
cat!,  sample.  In  size,  the  four  defects  in  each  row  corresponded  to  thos>.  cf 
the  ot In, ;  ret  .  being  respective  2 y  30,  20,  15,  and  10mm  (see  Fig.  1!. 

The-  samples  included  two  types  of  defects,  the  separated  style  and  the  closely 
attached  style. 


For  thv  separated  style  defects,  the  glue  layer  is  removed  in  the  defter 
location:  a  thin  polyrctraf 3 uore thane  film  replaces  it  (Fig.  2). 

The  closely  attached  style  defects  do  not  involve  a  removal  of  the  glue 
lay-.r  in  the  defect  location,  but  instead  a  thin  film  of  polytetraf luorethan. 
is  squeezed  betw^.j.  the  glue  layer  and  the  skin  (Fig.  3). 


Translator's  note: 

Note  in  original:  Our  colleagues  Zhang  die  and  Qian  Ziqiang  participated  in 
these  experimentations. 
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Fig.  3.  Closely  attached  style  i-.C 
structure.  Key;  (1)  Pclytetrafl 
ethane  film;  (2)  Epoxy  glue  lay-.r; 
Aluminum  honeycomb  core;  (4)  Carbon 
fiber  skin. 


1.2.  Farabc io: del  Components 

Parabolo:  ;1:.‘  cc::.p:-:,  .n ■  r.  arc  local  elliptical  circles,  with  c.  skin 
thickness  of  0.35  'mm;  the  long  axis  of  the  elliptical  circles  is  1.2  ir  and  the 
short  ax:.e  C>.7  r..  There  arc  a  convex  and  concave  face. 

1.3  Light  Path 


1)  Th*-  object  bear  reflector  of  the  concave  surface  light  path  and 
holographic  dry  plate  are  respectively  placed  near  the  two  focal  points  of  -the 
paraboloid:.!  surface  .  This  allows  the  dry  plate  to  receive  the  most  intense, 
object  beam,  at  the  san.t  time  insuring  that  the  object  beam  at  all  points  is 
generally  equal.  Because  the  distance  betven  the  focal  point  and  the  object 
is  rather  iarg<-  at  thir  tire,  the  concave  face  only  requires  one  photograph 
for  ccrpHtv  measurer  .nt . 
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2!  The  convex  face  light  path  holographic  plate  is  placed  near  the 
location  of  the  object.  In  this  way,  we  overcome  the  defect  of  the  convex 
face  d:  ••  '  -rent  light  being  rather  weak  when  it  reached  the  dry  plate  location. 
But  tic  :v:.togrc?hic  surface  area  is  correspondingly  reduced,  and  the  number 
of  photographs  required  is  cv:  •  espondingly  increased.  < 

The  holographic  dry  plate  is  nr*  placed  where  the  light  reflected  by  the 
object  is  the  most  intense,  but  rather  where  the  reflected  light  is  relatively 
even.  Because  at  the  point  where  light  reflected  by  the  convex  surf  a:  :<■ 
strongest  the. lighr  field  is  not  even,  because  the  mid-range  light  near  • * . 
optical  surface  is  reflected,  and  because  the  light  in  the  border  regions  is 
very  v_g}: ,  th>.  photograph 1  s  quality  is  very  poor. 

e.*3.  iiOad.no 

The  loading  methods  for  holographic  KPT  normally  include  mechanical, 
pressuri,  she  cl:  and  thermal  stress  methods.  Of  these,  the  thermal  stress 
method  has  the  advantage  of  being  simple,  convenient,  and  rapid.  This  pap 
tin.r-.fore  uses  the  thermal  stress  method. 

1 .  ?•.  Photography 


Pot  out  experiments  we  selected  the  composite  real-time/double-exposvrc 
:  ether.  ?L*  real-time  method  is  used  to  discovei  the  loading  conditions;  th, 
double-exposure  method  is  used  to  record  the  final  experimental  results.  The 
double -exposure  method  involves  first  making  one  exposure  of  the  object,  and 
then,  after  using  an  electrical  hair  dryer  to  heat  the  surface  of  the  objec' 
until  an  appropriate  deformation  is  obtained,  making  a  second  exposure,  and 
finally  processing  the  dry  plate,  producing  a  double-exposure  holographic 
image . 
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result:  an:  analysis 

2.1  Test  Conditions 

For  our  experiments  we  used  a  50  mW  neon  lasert apparatus  for  our  light 
source.  The  ratio  of  the  intensity  of  the  object  beam  and  the  reference  bear 
was  between  1:2  and  1:4.  The  interval  between  the  two  exposures  was  three 
minutes,  and  the  angle  between  the  two  light  beams  was  30°  to  45°. 

2.2  Test  Results 


Figures  4  through  ?  are  all  double-exposed  holographic  images.  Each 
experiment  used  the  elect!  ical  hair  dryer  to  prov  de  heat.  In  Fig.  C,  the 
'..cat  in;.  clursiicr  vac  42  seconds;  for  the  others  it  was  one  minute.  The  dole, 
location  in  the  irages  is  indicated  by  an  arrow. 


2.3.  Analysis 


2t  car.  be  seen  fro::  Fig.  4'  and  Fig.  5  that  all  eight  separation  style- 
defeccc  ap pea- ,  while  six  c;  the  closely  attached  defects  appear,  the  tv© 
lC.:m  being  the  exception.  This  is  because  the  hollow  area  in  the  separator 
stvl:  defeats  is  large,  and  a  great  amount  of  air  exists  inside  them;  while 
for  the  closely  attached  style  defects  there  is  very  little  air  inside.  Afte 
heating ,  the  aii  in  th«  delect  areas  expands,  so  the  separation  style  defects 
show  create:  deformity  than  tin  closely  attached  style  defects. 
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Fir.  4.  Separation  style  defect 

S  £  IT.  ].  . 


Fig.  5.  Closely  attached  style  def' 
sample . 


figures  v  and  7  arc  holographic  images  of  the  two  faces  of  the  same 
paraboloidal  surface.  Each  of  them  has  an  abnormal  region  whose  size  is 
completely  equivalent.  Examination  reveals  that  the  abnormal  regions  of  the 


Holograph  cf  paraboloid?.}  Fir.  7.  Holograph  of  parabeki' 
sur: convex  surface. 


two  ph -.r oar :.ph:  arc  ir.  the  same  position.  Figure  3  represents  ar.  X-ray 
investigation  of  the  abnormal  area;  the  product  list  shows  that  this  location 
in  th-.  he ney cor :  system,  is  filled  with  foamed  plastic. 

Exp-.  .1  .n* at  ion  was  undertaken  on  the  defects  in  an  area  of  about  7  by 
c  .  for,:  photographs  w._?  c  mad-.,  and  the  repetivity  was  good.  The  explanatic- 
for  thi:.  is  that  cr,  large  are:,  surfaces  the  glue-loss  defects  are  easily 
d.  t-.ct-.d.  by  f„ .  holographic  r.dhod.  These  defects  are  not  detected  using  the 
■  ;  sound  blocking  method. 


In  the  experiment,  it  also 
-rip-pear ec:  that  the  heating  amount  of 
fr-;  convex  face  was  slightly  greater 
then  that  of  the-  concave  face.  This 
may  be  because  the  thermal  expansion 
coefficient  of  carbon  fiber  is  a 

t'.cgctive  value,  sc  the  shin  in  the 

,  f  ,  Fig.  8.  X  ray  of  number  3  paraboloid 

defect  regions  of  the  concave  surface,  surface 

-he:  being  heated,  mc-.y  change  from, 

cerv-.d  to  straight,  separate  freer  the  core,  and  produce  a  rather  great 

?•:  for  rtf.;  cf  th .  dct-ct  are?,  surface. 
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1.  Laser  he! ovraphic  technology  can  detect  separation  style  and  closely 
tttacr.vd  style  civ.-:  loss  defects,  but  its  sensitivity  in  detecting  the  closely 
c'  tach:  i  sty!  defvcts  is  lovci  than  its  sensitivity  in  detecting  the 
s.parat io..  styi.  d-.fects^ 

i.  >,'^asc:.-  holographic  technology  has  the  capacity  of  detecting  confused 
?:.?<•  within  the  honeycomb  core,  but  the  results  are  not  so  good  as  wit). 

'-^s  voAs,  Tran*U\<ms"  C  U-  r- bJ  , 
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